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(54) Disk recording system 



(57) When a buffer underrun decision circuit (17) de- 
>/ ckJes that a buffer underrun is about to occur, data re- 
cording on the disk is interrupted by a recording control 
circuit (1 8). On the other hand, when the buffer underrun 
decision circuit (17) determines that a buffer underrun 



situation has been avoided, data recording is resumed 
by the recording control circuit (18). At this time, data 
recording is resumed from a position of the disk which 
is continuous to data recorded by the time the data re- 
cording was interrupted, thereby recording new data 
continuous to the last recorded data 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field ol the Invention 

[0001] The present invention, relates to a disk record- 
ing system which aflows.data to be recorded in addition 
to already recorded data, and relates in particular to a 
disk recording, system which ensures continuity of re- 
corded data even when buffer underruns occur. 

2. Descriptiotvof Related Art . /■ 

[0002] An; optica I disk recording system for recording 
data on a disk has been known in yfr 'tch a tight beam is 
. irradiated from an optical head onto a disk to change the 
reflectivity of a recording layer of the disk and thereby:; 
record tiata.on the disk. Among such opt&al disk record- , 
ing systems, a CD-R (recordable) drive of the CD (Com- 
pact Disc) family is a wsEI known example in which a 
write-once medium that prohibits physical erasure of at- 
ready recorded data is employed. -, ■ - 
[0003] This write-once medium such as a CD-R, how- 
ever, has. a problem of buffer uhderruris in which a rate 
of data transfer for inputting data to a buffer does not 
keep up with a rate of data transfer for recording data 
on the mecSum; and this in turn bads to buff er underrun 
errors which cause the recorded data to be discontinur 
ous. In the case o? disc-at once or track-at-oice medium 
in which file groups to be written are previously desig- 
nated, the recording medium cannot be used when such 
a buffer, underrun error occurs. 1 r 
[0004] -Such buffer underrun error has become more 
likoiy to occur as. the recording rate in CD-R drives fsas 
increased to ba higher than 4 or 8 times the standard 
rate, and as personal computers are more often oper- 
ated using multitask functions. Accordingly, buffer un- 
derrun error is Decerning a serious problem. 
[0005] On the other hand, in a packet write system, 
data can be recorded by each packet, and therefore da- 
ta recording is suspended unfit the data to be recorded 
fill the capacity of each packet, thereby preventing a 
buffer underrun- error to occur, this is disclosed in, for 
example, Japanese Patent Registered Publication No. 
2842262; 

[00CS] Here;, it is necessary to ensure a compatibility 
between a CD*fl drive and a CD-ROM drive such that 
data recorded on /a disk by a CD-R drive can be repro- 
duced by a CD-ROM drive. However, a problem of this 
compatfcility is also unsolved because the packet write 
system is not always applicable to CD-ROM drives. 
[0007] Further, when a CD-R drive records audio data 
corresponding to a CD-DA, a packet write system is not 
applicable io the CD-R drive due to a compat&i'fty with 
a CD-DA player. 

[0008] In a packet write system, because link blocks 
must be formed for connecting packets, there is also a 



problem of disk storage capacity. 

SUMMARY OF THE INVENTION 

5:^[D0G9), According to the present invention, data to be 
:o: added are synchronized by signal synchronizing means 
- with data which have already been recorded on a disk 
and are then recorded at a recording start position on 
the disk detected by recording start petition detect rig 
io. means. Therefore, it is possible, when data recording is 
resumed, to record new data on the disk such that the 
new data are continuous to the data which 1 have been 
recorded by the time data recording was interrupted 
- ■ ■ - The added data can ba reproduced in a manner contin- 
15 «ous to the already recorded data without adoption of a 
packet write systeht In this way, a disk recording system 
which can record data on a disk while ensuring a com- 
-patfoility with other disk reproducing systems can be 

^provided.' * •■*■■..■. • -: ■. : 

20 [0010] Further, if it is determined that buffer uhBerruns 
are about to occur, data recording to a disk can be rv 
■■ ■ : ' ^ terrupted. Then, once it is ctetermined that a situation in 
which buffer underruns are about to occur has been 
avoided, recording is resumed at a position from which 
new data can be: recorded continuous to the last data 
which were recorded immediately before the nterrup- 
tion of data recording. Accordingly, a buffer underrun er- 
ror by which data are recorded oh a disk blscbnfinuousfy 
can be prevented, and therefore the f ecorded data are 
30 reproducible, even on a disk reproducing system which 
cars only read disks haying cc^lnuous^ recc<ded data 
[0011] Further, in a disk recording system for record- 
ing data to which interleave processing is applied, data 
to bo modulated are stored by an encoder when record- 
's vingis interrupted to secure an tntedeave length neces- 
sary for new data to be inputted when recording is re- 
sumed. Therefore, oven if data iare iriterieaved, fife pos- 
sible to modu late new data when recording is : resumed 
such that they are continuous to the last data which" have 
40 been recorded on a disk immediately before the inter- 
ruption of recording. : ^ : " : > 
[0012] Further, a recording start p<>srtkjri may be de- 
tected by determining an address of the last frame of 
the data recorded on a disk while referring! to the ad- 
*5 dress stored immediatery before the interruption of re- 
cording. Therefore, as a process previous to a detection 
of a position at which recording is resumed, it is possible 
\o reliably and quickry detect the position of the last data 
recorded immediately before the interruption of record- 
so ing, whereby the position where rscordirijg is resumed 
can be dsteeted reliabfy and quickly. 
[001 3] In particular, the recording start position is de- 
tected by detecting an address of the data correspond- 
ing to one frame previous to the last frame of the data 
£5 recorded srnmediaieSy before the interruption of record- 
ing and counting channel bits using, as a reference, a 
frame synchronizing sircar firstly detected after the 
aforementioned address is detected. Therefore, it is 
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possible to additionally record new data on a disk in a 
manner continuous to the data recorded immediately 
before the interruption of recording. ■ ' v 
[001 4] Further, as an operation clock used for system 
control, a reproducing clock obtained by reproducing a 
pit signal may be used until the- recording starf position 
is detected, and when the recording start position is de- 

► tected, the reproducing clock is switchedio a recording 
clock used for data . recording. Therefore, it is possfele 
to make new data to be recorded on the disk synchro- 
nized with the data already recorded on Jheudisk and to 

> immediately initiate system control by means of a re- 
, cwding^loc^-once a nofv recorded region of the disk 

where a reproducing cjook is notavaiiabte is detected 
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amplffier 2 to generate components required lor rotation 
control of the disk and also demodulates an ATIP from 
the wobble components. 

[0021] Numeral 8 denotes an interface which con- 
trols, via a connection terminal 9, data transmission and 
data reception to and from a host personal computer 1 0 
connect edtwtside the system. Numeral 11 denotes an 
encoder which modulates data input thereto via the in- 
terface 8 into recording data to be recorded in the disk ' 
and 1 2 denotes an input data RAM for storing input data 
to be modulated by the encoder 11: 
[0022] When the encoder 11 modulates data based 
on the CD-ROM standard, ; a sync, : a header, an EDC 
(Error Detection Code), and an ECC(Error Correction 
: ' Code) for CEKROM data are added to the input data. 
- Subsequently, r a process with^a CIRC (Cross Inter- 
* leaved Ree#Sotornon Code) whicrMS an error correc- 
,-[00151 These and other objects -of .the invention wilh<o^ i^tidnxode of & CD system is^appiied while a subcode is 
be explained in the description below, in connection with-!.; ) added, and ftittrmr SFKT (Eigm to Pourteen Modulation) 
the. accompanying drawings, in whicte ^ ■ *Cj ^ - < & perfohrw^ahd d syncnrcnizincr signal is added. 

- >.*<■•■ • Ow-i s ; 1>>[0023J Numeral 13 denotes art internal RAM^ich^ 

IfIG, 1 is. a block circuH diagram s^ ;c %: ^provided inside theencoder ^19 'andisus^fof modula-' 

, pie of a CD-B drive^^lpyed in a disk -recording tion processing by the encoder 11. Numeral 14denotes 
.-. system accor ding teethe present invention; and * > a las er drive ciretiittor driving a laser source of the op- 
. FIG. 2 is ac.irpurtb^Miagram^ ticai head 1 so as to perfof m ddta recording based on 



BRIEF DESCRIPTION OF THE DRAWINGS: }/ • 



, : , i : - : . structure of .a, systera clock generator 21 . - 

i; . DETAI L£Q DESCFUPTipN^QF- PREFE RRE© * 

i ^MEfPOIMENT V v. .>*.-,.'., v. = 

; [0019 The preferred, embodiment of the present in- 
vention will bede^nbedin further detaB with reference 

; to, the accompanying drawings. t r . 
[0017] ,Fi& 1 tsabte^ircurtdiagrarasrwwinganex- 

. ? ampte t e* a CD^R drive pf a i disk recording system ac- 
cording to the present jnventionj,! - T :i 
[0018] In Jfig. 1, reference numeral 1; denotes an op- 
tical: bead<which irradiates .a. tase/ beam tojrace a disk 

. , lor wrrtmc/reading data c^tp/frpm.th© disk,, while numer- 
al 2 qyiojes.an^PF amplifier for amplifying an RF signal 
(a high frequency signal) obtained frormthe optical head 
y which reads recorded 0afr on the disk, and for coding 

. the RR;sigra|i^-jt}inaiy (Jalajo be then output as digital 
data. Reference numeral 3 denotes a head servo which 

; performs focusing cpntroj.fbr feeding back an output of 
the optical .(te^Ji-vb-tjti^^tan^ifier'^ so as to focus 
a laser beam on a signal surf ace of tr*e disk and tracking 
control so thaUheJaset^^ 

of the disk, as. well a&threapN f eeding control for moving 
the opticaj head t in the radial direction of the disk. 
[0019] Numerali^denotes a decoder for demodulat- 
ing the digital data output from the RF amplifier 2 and 5 
.denotes. a subcode dempdulattng^ircuit for demodulat- 
ing a separated, subcode.- : . n , 
[0020] Numeral & denotes a wobble .decoder having 
an ATIP, (Absolute Time In Pre-groove) demodulating 
circuit 7 which extracts wobble components of 22.05kHz 
from a pre-groove signal of a disk obtained via the RF 



> trie recording data-of 1h~e EFMtlataoutputteci from the 
i,so ^encoder 11. ."fcr-£.-.- : /.!*■ ■ 

: (40024J . Numerai 1& denotes a system control circuit 
^M:>cwJ«chiperforrns system control, with regard to desk re- 
p3P;rxording andcreproducing. SpecrTicaByi the system con- 
^ trot circurt porrphses an access control means 16 for 
- controtrmg access by selectrvefy referring to a subcode 
address of absolutelime information in a subcode (sub 
^ Q data), which is o^rr»odulated byifthe subcode i'demod- 
■:3S, cutetmg circuit 5, and loan ATIP address of absolute time 
t • fefajhatiOR in ATIP which is demodulated by the ATIP 
a - demodulating circuit 7; buffer underrun decision means 
■ f17 4 which monitors data capacrty stored in the input data 
RAM 12 tor determffiihg that buffer underruns are about 
-«?^£.to occur in<which the data transfer rate for data input 
cannot keep up with the data transfer rate for recording 
data on the disk and therefore data to be recorded be- 
come inadequate or that the situation in which buffer un- 
derruns are about to occur has-been avoided; recording 
control means 18 for controlling data recording on the 
disk in accordance with a decision made by the buffer 
underrun decision means; recording start position de- 
tecting, means; 19 for detecting the leading end of the 
non- recorded region on the disk in which no data are 
recorded to detect a recording start position at which the 
recording control means 18 starts data recording; and 
signal synchronizing moans 20 for synchronizing new 
data to be recorded with the data which are already re- 
corded on theidisk by using a synchronizing signal of 
the subcode extracted by the decoder 4 and the sub Q 
data demodulated by the subcode demodulating circuit 
5. The system control circuit 1 5 may be a microcomputer 
operating as each of the aforementioned means through 
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execution of software instructions. It may be preferable, 
however,, tor any of the aforementioned means to be 
hardware circuits. 

[0025] Numeral Z\ denotes a system cfock generat- 
ing circuit for generating an operation clock which is 
. used for system control of the entire operation for disk 
recording and reproducing, the circuit comprising two 
PLL (Phase Lock Loop) circuits tor selectively establish- 
ing synchronization with a reproducing dock obtained 
by reproducing EFM data outputtcd from the RF ampli- 
fier 2 or with a reference clock having an accuracy of a 
quartz oscillator. :„ 

[002S3 As shown in Fig. 2, the system clock general- • 
ing circuit 21 comprises a reproducing clock system for 
use an reproducing operation and a reference clock sys- 
tem tor use; in recording operation. The reproducing 
clock system is constituted by a PLL circuit in which the 

- phase of a reproducing clock reproduced by a ctock re- 
producing circuit 22 and the phase cf an output from a 
VCO (Voltage Control Oscillator) 23 are compared with 
each other by a first phase comparator 24, which Inert 
generates an output voltage in accordance with a phase 

. } shift between the reproducing clock and the output from 
the VCO 23, and the output voltage is converted, by a 
first LPF (low pass filter) 25, into a dc voltage, which is 
,fed back to the VCO 23 via a switch circuit 26. On the 
other hand, the reference ctock system is constituted by 
a PLL circuit in which the phase of a reference clock 
generated by a r quartz oscillating circuit 27 and the 
phase of an output from the VCO 23 are compared with 
each p&wr by a second phase comparator 28. which 
then gerceratesan output voltage in accordance with a 
phase shift between the reference clock and the output 
from the VCO 23, and the output voltage is converted, 
by a second LPF 29;, into a dc. voltage, which is fed 
back to the VCO 23 via the switch circuit 26. 
[0027] In the disk recording system' thus constituted, 
She recording operation is executed as follows. First, the 
personal computer 10 operates to allow data recording 
on . the disk, thereby generating commands in accord- 
ance with the operation; The commands are then input- 
ted via the interface 8 and recognized by the system 
control circuit 1 5 to perform recording operation. 
[0028] When performing recording operation, the 
switch circuit 26 is switched by the signal synchronizing 
means 20 such that the reference clock system oper- 
ates, and the system clock generator 21 is in the condi- 
tion in which a reference clock is generated. Thus, each 
circuit shown in fpig. 1 is now ready to operate in syn- 
chronism ^ilh a reference clock. 
[0029] Specifically, the optical head 1 is controlled 
such that a laser output for performing disk reproduction 
reads a pre-grccve signal of the disk. After the pre- 
groove signal read by the optical head 1 es subjected to 
wave-shaping by the RF amplifier 2, the wobble compo- 
nents are extracted by the wobble decoder 6 from the 
signal, and an AT1P is demodulated from the wobble 
components by the ATIP demodulating circuit 7. 
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[0030] Data output from the personal computer 1 0 to 
be recorded on the disk are supplied via the interface 8 
to the encoder 11 , which modulates the data into suita- 
ble recording data 

[0031] When the laser beam for tracing from the op- 
tical head 1 reaches a write area on the disk, data to be 
recorded' are sequentially output by each EFM frame 
from the encoder 11, and address data indicating the 
address of the" corresponding output data aire sequen- 
tially updated arid stored in the address memory 15a of 
'* the system control circuft 15. 1 • 
[0032] The laser drive circuit 14 drives a -laser source 
of the optical head 1 based on the recording data output 
from the encoder 11, thereby recordang the data on the 
-disk.' ■ : ■ ; ' * — : * .". • :■ 

[0033] When recording data on the disk, the system 
clock generator 21 generates'a reference clock, and da- 
ta recording is performed by each predetermined frame 
^ Synchronism with the reference clock: : j: 
- [0034] During data recording, however, when the data 
transfer rate for outputting data from the personal com- 
puter 10 lags behind the data transfer rate fc* Writing the 
data on the dtsk,^or, tri other words, when the transfer 
rate for inputting data to the encoder 11 becomes slower 
than the transfer rate for outputting data from the encod- 
er 1 1 , the data amount stored in the RAM i 2 decreases. 
[0035] This condition would eventually' result in the 
RAW; 12 for storing data becoming empty If this occurs, 
the buffer uncterirun decision means 17 determines that 
butter under runs are about to occur, thereby ^generating 
r a decision r sio/*al indk^ In response to 

this decision sip>iial, the recording control means 18 de- 
ternisnes the interruption of the recording on the disk and 
the output -of data from the encoder tl is interrupted. 
Sinruiltanebusry,ihe c>ptk^lhead 1 terminates irradiating 
a writing beam, to thereby interrupt the data recording 
on the disk: Here, it is also possiote that Ihe buffer un- 
derrun decision means 17 c&errhines that buffer under- 
runs are about to occur when it detects that the data 
stored in the RAM 12 is less than a predeifermined 
amount. • '■ ' • " ' h *' r '^ 

[0036] When data output frorh the encoder 11 is inter- 
rupted, the address data corresponding the address of 
the East frame o» the data whkh were output from the 
encoder 11 immediately before the interruption of re- 
cording are stored in the address memory 15a of the 
system control circuit 15. Thus recorded address data 
are constituted by time information of Q channel data of 
a subcode (sub Q data) and address information indi- 
cating the position (No. of data) in an EFM frame in the 
time information. In accordance with the address data 
stored in the address memory 15a, the signal synchro- 
nizing means 20 manages the hour/ minute, and frame 
of the time information in the sub Q data arid the position 
of an EFM frame in the time information the address of 
the last frame of the data recorded oh the disk indicates. 
[0037] Under this condition, when new data are input 
to the encoder from the personal computer 10, the ac- 
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cess control means 16 accesses the data which had 
been recorded on the disk before data recording was 
interrupted using the ATIP demodulated by the ATIP de- 
modulating circuit 7, and the optical head J begins trac- 
ing. The tracing may be started,, for example, from the 
position several tracks before the address- stored in the 
address memory 15a . . tHCn \ 
[0036] In this tracing process, a pit sjgnal.on the disk 
formed by recording data on the o*isk is read but. When 

.- the Ef M data can be obtained form the £ read.prt signals, » 
the system ctock generating circuital is switched by the 
signal synchronizing means 20 from the condition where 
a reference clock is generated to the condition where a 

• ; .reprodi|pipg clock in^nchronssm with the ;£FM data is. 

s g^ne^^ A^cqr^gfyy each ^circuit shown An Rg. -V. 
turns to be operated in synchronism with tbs reproduce ■ 
ing clock arx^theenc^erj} fe-aJ^.reac^^perform^ 
JPj^Jation prc^^ theifeproduc-r?; 

[00391^1^6 encoder 11 cprr#rises4rxe jnjernal RAMr,^ 
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13 is configured such that cte^a necessary for CIRQ-^ 
processing is secured when Ite.data recocting is inte^v v 
rupted sq a$4o secure the jnterieave length; (maximalry» 
103 frames Joe EFI^feames) necessary tor^newry input v 
data. Here tl ir i^lso possible to] increase me.rca^city of 
,the buffer 12 to be used as a mempry f or securing the * 
interleave len^ internal RAM ia c 

[9040) JVhen the encoder 11 is ready to perform mooV : . 
ulaton processing iri synchronism wjm^e reproducing r 
ctock, the recording data to be output from the encoder^ 



[0043] When the leading end of the non-recorded re- 
gion is detected, the system ctock generating circuit 21 
is immediately switched by the signal synchronising 
means 20 from the status in which a reproducing clock 
in synchronism with the EFM data is generated to the 
status in which a reference ctock is generated. Now, the 
: reference clock becomes an operation clock for the en- 
coder 11. • f 
[0044] Herei the system clock generating circuit 21 
has the construction shown in Fig. 2. Specifically, a re- 
producing clock generated by the clock reproducing cir- 
cuit 22 is inputted^ the first phase comparator 24 where 
the phase of the reproducing clock is compared with the 
v phase o* an output from the VCO 23. The comparison 
\nesuft outputted from the first phase comparator 24 is 
inputted via the first LPF 25 .into the switch circuit 26. 
:. [0045] ' On the other hand, a reference clock generat- 
•^edbya quartz oscPlating circuit 27 is inputted in the sec- 
or^prjaseco*^ 28 where the phased the refer- 
ence clock is compared with the phase of an output from 
the VCO 23. The comparison result butputted from the 
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11 are sypchrcn^jWmijh^ on< 
.thejrfisk using a sync^ronizatKxi sfgn^qfs; subcode ex- 
; tractep; by the decoder 4^a/K| sub ,Q : c^tardernpdulated: 
by the subcocfedemod^^^ isignal syn-; 

, <^,rc^izing means 20.^ control 
.^eans 1 8, the encoder 11 i$4urned into a standby status 
for outputting data co/respp^^g,a : fr^me,;nexi to the; 
last frame oi the dala recorded on the disk immediately^, 
before the interruption of receding while referring to the* 
address data stored in the address memory ,1 5a. V- ' 
[0041] When the encoder 1 1 is in the standby status, - 
the recording start pcsftjon d9tectffig, means 1?! detects 
the l^ing end posit^ of the rxxwecorded. region of 



i n second phase comparator 2S is inputted via the second 
> t LPF 29 into the switch? circuit 26 : 
,[0046] fThe switch circuit 26 selects the first LPF 25 
. until the teagfeig end position of the rwrwecorded region 
<■ of the disk is detected. Accordingly^ in this condition, the 
first*phase comparator 24, first LPF 25 find the VCO 23 
operate as a phase locked loop (PLL) for a reproducing 
;;Clock rwhrte the system ctock generating circuit 21 out- 
,pu|$ areprocUicirtg clock as an operation clock for the 
v if- ^system. ^ ; . ..' f .-i - sk'-:- ... - 

[0047} . cQn thextther hand, wher^ the leading end po- 
:7;*v fSitipnof the non-recorded region lis detected, the switch 
:{*::- i circuit 2£is switchecf;swch that the second LFP 29 is 
•^vtsejSected.i ; s: ■ 

r Accordingly, in this condition; the secondphase compa- 
rator^. second.LPF 29 and the VCO 23 operate as a 
; : phase locked loop (PLL) lor a;reference clockTVhile the 
r < . system clock generating circuital outputs a reference 
clock as en operation clock for the system:: 
{004^] .When the switch; circuit 26 » switched,, a con- 
trol voltage .for controlling! the VCO 23 is gradually 
changed to a voltagex* the selected PLL due to a time 
constant of the firstLPF 25 or the second LPF 29. There- 



to 



the disk immediately after th^ recordep 4 region in which as ;ore. when the condition is switched trom where a repro- 
data are alreaoV recorded, bv reforr«-in tr» th<* aHHrAee . h.^^^ - . . ^ „^ . . . . 



data are already recoro^d, by referring to the address 
p^ta stor ed Jn the actress rnemory 15a 
[0042] The position of the leading end in the non-re- 
cc«^region is detected based on the time information 
c*f.su|a Q data and the EFM frame position in the time 
injpmifltion. For the subcode frame (a collection of 98 
units,©* EFM frames), detection is performed by the sub 
Q data, whereas, foclhe EFM frame, channel bits are , 
counted one at a time using a synchrcriizatibn sio/ial as 
a reference, thereby determ^rig the tern«r>aJ end of the , 
last frame of the data recorded on 4he drslc Were, it is 
previously deterrritned how rnany channel tjits constitute 
one frame. . 



ducing clock is generated to where a reference clock is 
-generated, a system clock generated from me system 
. Ctock generating circuit-21 is also changed gradually 
from a reproduping clock: to a reference clock.. 
IQ0491 Simultaneously with the switching of a system 
ctock, the recording^onUol means- 18 allows data to be 
output trom the encoder 11, thereby resuming the data 
recording on the idisk./ 

[0050] In , this case, . synchronism has been estab- 
lished between the data to be outputted from the encod- 
er 11 and the date already recorded on the disk, and the 
encoder 11 outputs data corresponding a frame next to 
the frame of the data recorded by the lime data record- 
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ing was interrupted Accordingly, data recording is re- 
sumed from the position of the disk which is continuous 
to the last data recorded by the time recording was in- 
terrupted, and new data corresponding a frame subse- 
quent to the frame of the last recorded data can be re- 
corded. 

[0051] The foregoing embodiment has a structure 
which assumes that a disk having data recorded by a 
constant linear velocity (CIV) is rotationally control led 
by the same method and therefore a reference clock is 
generated as a system clock used for recording opera- 
tion. However, in the case where a disk having data re- 
corded by a linear velocity constant method is rotation- 
ally controlled by a constant angular velocity (CAV), a 
dock tn synchronism with wobble components extract- 
ed by the wobble decoder 6 may be generated as a sys- 
tem clock for use in the recording operation! 
[0052] While the preferred embodiment of the present 
invention has been descrfoed using specific terms, such 
description is for illustrative purposes only, and it is \o 
be understood that changes and variations may be 
made without departing from the spirit or scope of the 
appended claims. 



Claim* 



A data recording system for recording data on a 
disk, comprising: 

a recording control circuit for controlling inter- 
ruption and resumption of data recording on the 
disk; 

a recording start position detecting circuit for 
detecting, as a recording start position on the 
disk, a position continuous to the trailing end of 
data which have been recorded discontinuous* 
ly on the disk due to the interruption of record- 
ing, when the recording ts resumed after the in- 
terruption oil recording by the recording control 
circuit; and 

a signal synchronizing circuit for allowing data 
to be additionally recorded on the disk after the 
recording is resumed, to be synchronized with 
data recorded on the disk immediately before 
the interruption of recording; 
wherein, when the recording is resumed, the 
data are recorded oh the disk in synchronism 
with the already recorded data. 

A data recording system of claim 1 , further compris- 
ing; 

an encoder for modulating input data into re- 
cording data suitable to be recorded on the 
disk; and 

a buffer underrun detecting circuit for detecting 
buffer underruns in which data to be recorded 



. on the disk are inadequate when a data transfer 
rate for inputting data to the encoder is slower 
than a data transfer rate for recording data out- 
put from the encoder on the disk, 
5 .-J *r ^ erein '©cording control circuit controls 
'^'^"^''^e; interruption and resumption of recording 
based on detection results from said buffer un- 
derrun detecting circuit. 

io 3. A data recording system of clairh 2, further compris- 
ing a buffer for storing said input data. 



wherein 1 said buffer" underrun detecting circuit 
detects buffer underruns by monitoring the 
amount of data amount stored in said buffer. 
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4. A data recording system as defined in Claim 2, 

wherein said encoder has a memory for storing 
the input data and 

wherein said memory has a capacity required 
for securing a necessary interleave length for 
new data to be input when data recording is re- 
sumed. 

5. A data recording system of claim 1 , 

wherein the data are recorded on the disk in 
frame units, and said recording start position 
detecting circuit sequentially stores addresses 
corresponding to the latest data to be recorded 
on the disk and detects the recording start po- 
sition by detecting the last frame address of the 
data stored on the disk while referring to the ad- 
dress of the data stored immediately before the 
interruption of data recording onto the disk. 

6. A data recording system of claim 5, 

wherein said recording start position detecting 
circuit detects the recording start position by 
detecting the address of the data recorded on 
the disk immediately before the interruption of 
data recording and, after the address is detect- 
ed, counting channel bits using a frame syn- 
chronization signal as a reference. 

7. A data recording system of claim 5, 

wherein said recording start position detecting 
circuit detects the recording start position by 
detecting the address corresponding a frame 
which is one previous to the last frame of the 
data recorded on the disk immediately before 
the interruption of data recording and counting 
channel bits using, as a reference, a frame syn- 
chronization signal which is first detected after 
the detection of the address. 
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a . A data recording system qf claim 1 , 

. wherein the data are stored on the disk as a pit 
signal, and , 

. wherein, as an operation clock for use in sys- s 
tern operation, a reproducing clock obtained by 
reproducing said pit signal is used untB the re- . 
cording start position is detected by the record- 
ing start position detecting circuit and said re- 
producing clock is swftc^ io . 
f or use in recwolng b^ta when the reco \ ;. 

' start positicoVtetected by . 
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